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Lipid mediated gene transfer (lipofection) has been widely used to transfer genes into various cell types (1) (2) (3) (4) . Lipofection works very well in many cell lines, resulting in high transient transfection efficiencies (our observations). However, the rate of DNA integration into the genome following lipid-mediated transfection is relatively low (5) as compared to other methods, such as retroviral systems. This inefficient integration has been thought to be a major disadvantage of plasmid vectors and has limited their use in gene therapy trials.
We have attempted to overcome this hurdle by achieving higher rates of stable integrants in lipid-mediated transfections through treating the transfected cells with a mild heat shock. Others have attempted to increase stable integration by methods such as γ-irradiation (5), but the required doses resulted in 90% cell death. DNA damaging agents like hydrogen peroxide have also been used to increase stable integration of plasmid DNA. Doses of hydrogen peroxide that caused a significant effect on integration also caused 90% cell death (6) . Treatment of cells with glycerol (7), dimethylsulfoxide (8) , choroquine (9) , and cell synchronization to the late G2/ M phase of the cell cycle (10) enhances transfer of DNA into the cytoplasm and subsequently, incorporation into the nucleus. Our method uses a heat treatment of 10 min at 42°C immediately following lipid transfections, which results in up to a 100% increase in stable integrants assayed as colonies resistant to G418 antibiotic. Transient transfection efficiencies, monitored by flow cytometry using the enhanced green fluorescent protein (EGFP), were also found to be increased by a brief heat treatment. A human lung carcinoma cell line (A549), human colon carcinoma cell line (SW480), human breast carcinoma cell line (MCF-7), and two murine cell lines, B-16 (melanoma cell line) and 4T1 (mammary tumor cell line), were used in the experiments. The cells were plated in 60-mm 2 tissue culture dishes (BD, Franklin Lakes, NJ, USA) at a density of 0.5 × 10 6 cells/dish in RPMI media, supplemented with 10% fetal bovine serum (FBS), 2 mM glutamine, 100 U/mL penicillin/streptomycin, and 1 mM sodium pyruvate (all from Invitrogen, Carlsbad, CA, USA). The cells were incubated overnight at 37°C in a 5% CO 2 incubator. The cells were transfected with the plasmid pCMV-EGFP-1, which was created by inserting the human cytomegalovirus (CMV) promoter into the multiple cloning site of pEGFP-1 (BD Biosciences Clontech, Palo Alto, CA, USA). The neomycin gene in pCMV-EGFP-1 is under the control of the simian virus 40 (SV40) promoter. Transfections were performed using the lipid DMRIE-C (Invitrogen) at a ratio of 1:4 µg DNA: µL lipid. One microgram DNA was diluted in 500 µL reduced serum Opti-MEM ® (Invitrogen), and 4 µL DMRIE-C were diluted in 500 µL Opti-MEM in another tube. The two tubes were mixed and incubated for 30-45 min at room temperature. Before the addition of the transfection mixture, the cells were washed twice in Opti-MEM. Four hours after transfection, the tissue culture dish was covered with Parafilm ® and fully immersed in a water bath maintained at 42°C for 10-30 min as specified. After removal from the water bath, the outside of the plate was sterilized with 70% alcohol, and the transfection media was replaced with fresh supplemented RPMI media. Controls were handled similarly, but without any heat treatment. Cells were then incubated for 24 h at 37°C, after which they were either harvested for flow cytometry to measure transient transfection efficiencies (Figure 1 ) or for colony plating to enumerate stable integration. To measure stable integration, cell number was determined by trypan blue dye exclusion staining, and appropriate cell numbers were seeded in 75-cm 2 flasks with RPMI containing 500 µg/mL G418 antibiotic. Fourteen days after culture, only cells that have stably integrated the plasmid formed colonies, and the colonies were counted as a measure of stable integration ( Figure 2 ). The 14-day time point was calculated from a survival curve, where, at day 14, 100% of untransfected cells were dead in media supplemented with 500 µg/mL G418. As a confirmation that the 14-day time point resulted in selection of stably integrated colonies, Southern blot analyses of clones were performed. High-molecular weight genomic DNA was chloroform/ phenol-extracted from these clones, electrophoresed, blotted, and probed with a chemiluminescently labeled fulllength linearized vector probe (Pierce Biotechnology, Rockford, IL, USA). Probe signal found exclusively in highmolecular weight DNA confirmed genomic integration (Figure 2) . Results indicated that a 20%-70% increase above the 37°C values in transient transfection efficiencies were observed as compared to the unheated cells in all cell types in multiple experiments (Figure 1) . Besides the 4T1 cell line, which showed a 70% increase in transient increase in EGFP expression, the other cell lines showed an increase of 20%-30% in EGFP expression, which, although modest, was a significant increase (P < 0.05). The number of stable colonies obtained was also higher in cells that had been treated with heat as compared with the control cultures. In all five cell lines, there was an increase in stable integration ranging from 50%-100% increase in stable colonies over control cells at 37°C. A 10-min treatment at 42°C led to a 90% increase in the number of G418-resistant colonies for SW480 cells. For A549 cells, there was an increase of approximately 96% in the number of G418-resistant colonies, and for MCF-7 cells, there was an increase of 55% in BENCHMARKS G418-resistant colonies (Figure 2) . The murine B-16 cell line showed a 108% increase, and the 4T1 cell line had a 52% increase in stable colonies. It is important to note that heat treatment of 42°C for 10 min is mild in nature with treated cells, maintaining a viability of over 90% after heat treatment as measured by trypan blue staining (data not shown).
In conclusion, we report an empirically observed phenomenon of enhanced stable plasmid integration in neoplastic cells by a brief (10 min) and mild heat treatment (42°C) following DMRIE-C lipid transfections. A similar phenomenon is seen in bacterial transformations where a brief (90 s) 42°C heat treatment increases transformation efficiencies (11) . We have not studied the mechanisms that affect the increased integration rates, but it is clear from our data that heat is affecting the cell at two different levels. First, the increase in GFP-positive cells suggests an increase in the number of cells that had taken up the plasmid, possibly by affecting fluidity of the cell membrane (12) . Secondly, the increased stable integration rate indicates that in more cells the DNA was able to cross the nuclear membrane and integrate into the chromosome, possibly due to a change in fluidity in the nuclear membrane or a change in chromatin structure (5), thus allowing the plasmid greater access to the chromatin. This technique could have potential in vitro applications for laboratories routinely using lipid-mediated transfections. The effect of heat on other types of lipidmediated transfections remains to be determined.
Color image acquisition using a monochrome camera and standard fluorescence filter cubes James Clerk Maxwell first demonstrated in the 1860s that all colors could be separated into three main components: red, green, and blue (1). He was able to produce color images by first taking a series of black and white photographs through red, green, and blue filters of an object illuminated by white light. The resulting images were then simultaneously projected through the color filters used in the acquisition process, and the combined image was seen in full color. These findings ultimately led to the development of trichromatic (RGB) color photography and imaging.
For a number of reasons, monochrome imaging has remained the preferred method of acquisition for fluorescence microscopy (2) . Perhaps most important is the fact that monochrome cameras can achieve higher spatial resolution than color cameras resulting from simultaneous usage of all chargecoupled device (CCD) photodiodes for the acquisition of one image without color mosaics and the extrapolation of color information (3) . Monochrome cameras also have increased sensitivity and acquisition speed, because transmitted light is not diminished by
